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Abstract 

Traditional radiography is used as an NDT technique in many industries. However, its effectiveness as a retrieval 

format is hindered by large storage space requirements, speed of retrieval, and deterioration of film over time. 

Digitization of existing analog X-Ray collections is a means of improving radiograph access and archiving thereby 

reducing retrieval time from several days to a matter of minutes.  

 

Considering the above advantages the team has successfully designed and implemented an end to end system that 

enables high volume digitization, secure storage and quick retrieval of radiographs via universally accepted 

DICONDE format. The workflow that was developed for this system includes several data evaluation steps (quality 

checks) across the various stages of the workflow to minimize human error and ensure integrity of the radiograph 

throughout the process. The digital radiographs are then automatically stored and verified on archival grade Blu-ray 

media for quick access and disaster recovery retrieval scenarios.  This process is currently in use for the digitization 

of 12 million X-Rays for Alcoa-Howmet (Alcoa Power and Propulsion).  

 

This paper illustrates the digitization work flow with emphasis on the potential failure modes and associated 

detection/ correction systems. 
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1.  Introduction 
 

The industrial X-Ray film volume is large, especially in key sectors such as Aerospace, Defense, 

and Shipbuilding (44%), with the Power Generation Industry coming a close second (26%). 

Digitization of these analog X-Rays requires close attention to the aspects of quality (both from a 

workflow perspective as well as image quality perspective), integrity (both from a data 

perspective as well as metadata perspective), and accountability related to the various stages of 

the workflow and qualification. This concept is described in Figure1. 

 

A complete production workflow that incorporated the aspects of quality, integrity, and 

accountability described above was designed, developed, and deployed at Arc of Virginia 

Peninsula (Versability), Hampton, Virginia for the digitization of twelve million X-Rays of 

Alcoa-Howmet. The analog X-Rays are being digitized to generate industry standard DICONDE 

renditions of the X-Rays with all information regarding the image being captured in the 

associated metadata tags.   
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Figure 1. Breakdown of industrial X-Ray film revenue 

 

2.  System Objectives 

 
The workflow for digitization of X-Rays requires automated quality check of digital images that 

are generated by the digitization process, automated capture of metadata as header information in 

the digital DICONDE images, as well as automatic file structure creation and workflow tracking 

to ensure that images are being captured accurately and in the correct file structure. The high 

level objectives relevant to this system include: 

 To provide automation of workflow functions thereby minimizing the potential for error due 

to human intervention 

 To provide high level of usability and intuitiveness in user interfaces provided to the 

digitization technicians 

 To provide high degree of confidence in Quality Assurance / Quality Control testing results 

by automating these tests 

 To provide tracking and traceability of entities and actions within the system 

 To ensure that the current storage/filing structure of the analog X-ray system is maintained  

 To ensure that all information relevant to the X-ray is captured as metadata 

 To ensure that data integrity is maintained throughout the system ensuring that the digital 

images are true renditions of the analog X-Rays in the digital space 

 

3.  System Overview 

 
The production system consists of three main software components, namely ETracker which 

tracks the digitization of the analog X-Ray through the entire process, MetaUI which helps with 

the automated capture of metadata, and IVerify, which automates the quality check of the 

digitized images. An illustration of the entire workflow, including an indication of where each 

software component is employed, is illustrated in Figure 2. 

 

3.1 ETracker 

ETracker is the main software application that the user interacts with; it tracks the radiograph 

throughout all portions of the digitization process and automates several portions of the 

workflow as well as providing checks and audit trail by using authentication and access control 



mechanisms. A rich user interface enhances the usability and interactive aspects of the software, 

thereby allowing for easy file structure creation, image capture, and final archival.  

 

3.2 MetaUI 

This software application provides a significant level of automation and error reduction in the 

metadata capture process by capturing much of the metadata from existing artifacts and allowing 

the operator to enter additional metadata via a simple user interface.  

 

3.3 IVerify 

This application automates the quality check of the digitized images by performing image-level 

checks related to skew, density contrast sensitivity, stepped density, unsharpness, and spatial 

resolution. This is done based on the American Society for Testing and Materials (ASTM) 

standard E1936-03 [2]. The quality check is based on introducing the Electrical Power Research 

Institute (EPRI) reference radiograph target at various points in the digitization process, and 

using the resulting digitized image to check for various aspects of image quality by running 

comparison checks against acceptable values specified by the customer. 
 

 
 

Figure 2. Flowchart illustrating the digitization workflow process and software applications 

 

 

4.  Error Catching and Correction 

 
The application IVerify is a useful tool for identifying potential issues that may affect the image 

quality of the scanned X-Rays. IVerify performs a series of five image quality tests on scanned 



EPRI test targets at regular intervals throughout the digitization process: skew test, density 

contrast sensitivity test, stepped density test, unsharpness test, and spatial resolution test. All five 

of the tests must produce results within the acceptable control limits as specified by the customer 

in order for the scanned EPRI to pass. 

 

Failure of one or more of the IVerify tests can usually be attributed to certain errors within the 

scanning software, hardware, or handling of the target. Table 1 presents several possible causes 

for failures of IVerify and which of the five image quality tests they may be attributed to.  If an 

EPRI does fail, the operator can use this rubric as a guide for which corrective action(s) to take. 

 

Table 1: Possible IVerify failure modes 
 

   

EPRI 

Oriented 

Incorrectly  

EPRI 

Rotated  

Scanner 

Transport 

Issue  

Dust/ 

Dirt  
Scratches  

Warping/      

Creasing  

Light 

Leaks 

at 

Edges  

Optical 

Density 

(Bit-

Depth) 

Setting 

Error  

Resolution 

Setting 

Error  

SI_01 - 

Skew  
x  

 
x  x  x            x  

SI_02 - 

Density 

Contrast  

x        x  x     x     x   

SI_03 - 

Fine 

Density 

Contrast  

x        x  x     x  x   x   

SI_04 - 

Sharpness  
x  x  x  x  x  x  x  x   x   

SI_05 - 

Spatial 

Resolution  

x  x    x  x  x  x  x  x  x  

 

4.1 Image Quality Metrics 

 

The scanners used to digitize X-Rays are designed to provide a linear relationship between 

optical density (OD) and digital image code values (CV). Aim values for the EPRI test target are 

specified in OD units [2], so in order to ascertain whether these aim values are being preserved in 

the digitization process, OD must be converted to CV equivalent for image analysis. The team 

has created a piecewise-linear model to accomplish this, based on physical OD and CV 

measurements of 1489 test scans [3]. 

 

In order to investigate the efficacy of our OD-CV conversion model, a test film with patches 

representing a range of densities was created. These patches were measured on a densitometer, 

then scanned and CV measurements obtained from the scan were converted to OD using the 

piecewise-linear model. Table 2 summarizes the results. 



Table 2. Computed image metrics 

 

Pene 
ID 

(OD) 
Code Value 

Computed Optical Density via Broken Line 
Model 

Test1 
60 

Test1 
119 

Test2 
60 

Test2 
119 

Test1 
60 

Test1 
119 

Test2 
60 

Test2 
119 Average 

0.12  1008 1010 1009 1009 3.421 3.418 3.420 3.419 3.420 

0.15 1527 1527 1526 1526 2.810 2.809 2.810 2.810 2.810 

0.17 2072 2071 2071 2069 2.213 2.215 2.216 2.215 2.215 

0.20 2322 2324 2324 2323 1.939 1.938 1.939 1.938 1.938 

0.25 2918 2916 2914 2916 1.288 1.290 1.290 1.292 1.290 

 

The CV data in Table 2 was obtained by averaging the code values of square regions of interest 

manually centered on five indicated areas of four scans of a test film.  The regions were 

approximately 45 pixels square (over 2000 pixels) on the two 119 micron resolution scans and 

91 pixels square (over 8000 pixels) on the two 60 micron resolution scans.  The repeatability of 

these measurements from scan-to-scan and across resolution is excellent, with a maximum range 

of 4 code values, resulting in a maximum OD range of 0.004. 

 

Table 3. Measured penetrameter values 

 
Pene ID→ 0.12 

OD 

0.15 

OD 

0.17 

OD 

0.20 

OD 

0.25 

OD 

1 3.40 2.84 2.25 1.94 1.35 

2 3.42 2.84 2.25 1.94 1.33 

3 3.40 2.84 2.24 1.95 1.33 

4 3.41 2.84 2.24 1.95 1.30 

5 3.41 2.85 2.24 1.97 1.30 

6 3.41 2.84 2.24 1.97 1.30 

7 3.41 2.86 2.24 1.96 1.31 

8 3.40 2.85 2.24 1.98 1.33 

9 3.40 2.85 2.23 1.98 1.34 

10 3.40 2.83 2.23 1.96 1.36 

11 3.41 2.83 2.24 1.97 1.36 

12 3.41 2.84 2.24 1.96 1.36 

13 3.41 2.84 2.25 1.96 1.34 

14 3.40 2.84 2.25 1.96 1.34 

15 3.39 2.84 2.25 1.95 1.33 

16 3.41 2.84 2.26 1.95 1.31 

17 3.40 2.84 2.28 1.95 1.31 

18 3.41 2.84 2.26 1.95 1.32 

19 3.39 2.81 2.25 1.95 1.32 

20 3.41 2.81 2.24 1.95 1.32 

 STDEV 0.01 0.01 0.01 0.01 0.02 



 

The following process was used to measure the Optical Density (OD) of the test film. Optical 

Densities were collected with the use of a single Agfa D4 exposed film of multiple penetrameters 

(see Table 3).  An area of ~.120” was identified on each Penetrameter between the 4T hole and 

the lead ID for that Penetrameter. A calibrated densitometer (X-Rite Model 301) was used to 

obtain a series of 20 readings within each of the marked areas from each penetrameter.  

 

The collected readings within each hole exhibited a standard deviation of .01 and .02 Optical 

Density that is within the expectations of the densitometer. In addition to this, the computed OD 

values are comparable to measured values with the worst case offset being less than 3%. 

 

5.  Conclusions 
The system outlined in this paper has proven successful in real world application; it is currently 

being implemented to digitize over 12 million X-Rays for Alcoa-Howmet. The software 

applications have proven useful to workers of varying capabilities and technical abilities, and 

errors have been successfully identified and corrected using the tools outlined above. The ability 

to access the digital copies of the X-Rays has proven beneficial to the company, and the ability to 

store digital copies of an X-Ray in different locations provides insurance in case of natural 

disaster.  

 

This is an ongoing project, and as more EPRI targets are scanned and analyzed as part of the 

statistical process control, more data points will be added to the OD-to-CV conversion model, 

leading to greater accuracy. There are certain limitations of the ASTM E1936 target design with 

potential for improvements. Use of a different target with more appropriate features would be 

worth investigating further. 
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